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INTRODUCT ION

The accunul ation of floating drift and debris is a universal
probl em

FIGURE 1 - TYPI CAL DEBRI S BU LD- UP NEAR LAKE CUMBERLAND, KY

Thi s paper investigates three specific problemsites, identifies
t he probl em and cause, and di scusses renedi al neasures and their
effectiveness. The three sites are:

CHEATHAM POWERHOUSE

The Cheat ham Project is a conbi ned | ock/dam power house | ocat ed
downst ream of Nashville, Tennessee on the Cunberland R ver. \Water
fl ow passes through the powerhouse wi th approach velocities
sufficient to draw waterl ogged trash and floating debris onto the
i ntake trash racks. Consequently, trash accumul ates on the racks
and floor of the forebay. This clogging reduces efficiency of the



turbines resulting in lost revenues from | ower power generation
capability.



HUNTSVI LLE SPRI NG BRANCH

Huntsville Spring Branch is a tributary of the Tennessee River
that receives the watershed of Huntsville, Al abama. During
periods of high rainfall and/or elevated flows, trash and debris
wash into the streamand are carried through nmetropolitan
Huntsvill e into Redstone Arsenal and \Weeler WIdlife Refuge.
The backwaters of the Tennessee River catch and deposit floating
debris all through this once pristine environnental habitat.

LAKE CUVMBERLAND

Lake Cunberland is the water reservoir inpounded by Wl f Creek
Dam near Sonerset, Kentucky. Simlar to Huntsville Spring
Branch, during periods of high rainfall and/or elevated fl ows,
trash and debris wash into the stream and are carried through
rural Kentucky. Wody debris as well as cultural waste deposit
al ong the river banks, at Cunberland Falls, and ultimtely Lake
Cunmberland. In addition, large floating wood rafts present a
hazard to navigation on the | ake.

CHEATHAM POWERHOUSE
BACKGROUND

Cheat ham Power house was built in 1958. It contains three Kapl an-
type turbines rated at 21,400 hp capable of generating 12,000 kw
each. The turbines have a design head of 22 feet and an operating
speed of 60 rpm Due to the accunul ation of debris and
subsequent head | oss, a trash boomwas provided in front of the
power house in 1963. The boom was successful in preventing
floating trash fromreaching the power intake, but ineffective in
catching the waterl ogged material that washed under the boom

Fl oating debris was periodically flushed through spillway gates
to reduce safety and operating problens at the project. Debris
that was too | arge or waterl ogged was dredged out biannually
using floating plant. The debris was | oaded onto a barge, fl oated
upstream t hen unl oaded and secured on the river bank. Due to the
manpower and fl oating plant expense, alternative nethods of

cl eaning and di sposal were investigated. Nashville District
personnel visited self-cleaning trashrack installations and were
favorably i npressed.

DESI GN CRI TERI A
The system was designed to lift a diversified collection of

debris ranging fromrefuse, bottles and other small itens to
entire trees. Several trash renoval systens were eval uated and



deened too limted in their applicability. The system chosen for
removing trash fromthe turbine intake areas utilized water



velocity to nove the debris toward the trashrack and then teeth
or pins on notor driven chains would lift the trash (both
subnerged and floating) to the conveyors and subsequently to a
coll ection area. The conti nuous operation enhanced the system

ef fectiveness. Debris bound on lifting pins would be rel eased
fromthat pin and lifted by a subsequent pin. The racks had to be
| arge enough to cover all three intakes, approximately 60 feet
hi gh by 25 feet wi de. Conceptual |ayouts of the system and
prelimnary conputations assured that self-cleaning trashracks
coul d be constructed | arge enough for this project.

SPECI FI CATI ONS

The RFP required a 50% design submttal with the successful

bi dder responsible for final design. The trashrack was to lift a
36" dianeter, 60 foot long log as well as mats conpri sed of
debris such as vegetation, bottles and tires. The trashrack was
required to operate continuously with a reset feature that would
all ow oversized material to be rel eased from bi nding. A conveying
system whi ch would nove the |ifted debris to a collection bin was
al so required. The one rigid requirenent for these trashracks was
pai nting. The high degree of abrasion as well as the continuous
subnergence of the trashracks were our main concerns. The
Construction Engi neeri ng Research Laboratory (CERL) recommended
an initial coat of zinc-rich vinyl and subsequent coats of vinyl
wi th added abrasi ves.




FI GURE 2 - DUPERON SELF- CLEANI NG DEBRI S REMOVAL SYSTEM



PROPOSAL

Initial proposals were submtted on 13 April 1990. The Duperon
Cor poration of Sagi naw, M chigan was issued a Notice To Proceed
on 10 Decenber 1990 with a 420 cal endar day conpl etion peri od.
The trashracks were conpleted in February 1992 at a total
construction cost of $5, 140, 000.

DESI GN
Structural

The Duperon Corporation subcontracted Spicer Engineering as their
structural consultant. They were responsible for the design of
the main trusses, horizontal and inclined conveyors, face racks,
foundati on desi gn, anchorages and concrete trash storage bin. The
steel nenbers were designed in accordance with A l.S. |

st andar ds.

Mechanical

The trashrack driveshafts, driveshaft bearings, hydraulic

equi pnent and chai ns were desi gned by Duperon Design

| ncorporated. The shafts were evaluated for |oading, stress,

defl ection and fatigue. The bearings were designed for a 100 year
continuous use life. The hydraulic system was designed with over-
pressure protection. The chains were designed to individually

w thstand the entire maxi nrum | oad based on over-pressure.
Electrical

Schwar derer and Associ ates, the electrical design firm provided
the foll ow ng:

- Trashrack operation sequence
- El ectrical |ayout and conduit Iist

- Wring diagrans for the control systemwth integrated
programmabl e | ogic controller (PLC

- Control panels layout and detail draw ngs

- Conmput ations for notor feeder circuit conductor, notor
branch circuit breakers, notor control center main breaker
and circuit voltage drop

- Annunci ati on and al ar m managenent schene



PLC | adder di agram



CONSTRUCTI ON
Prototype

One of the superior points of the Duperon Corporation submttal
was the proposal to build a prototype trashrack prior to
fabrication. This allowed the Corps to verify the workability of
t he Duperon design. The Duperon Corporation was able to
substanti ate di nensional tolerances for the trashracks fromthe
pr ot ot ype.

Fabrication

Al steel was fabricated in the Sagi naw, M chigan area. Prior
visits by Nashville District personnel to |ocal machine shops
established their capabilities. The initial quantities of steel
were estimated to be one mllion pounds. However, this escal ated
to 1.4 mllion pounds by the end of fabrication.

Assembly

After fabrication the material was noved to a | ocal assenbly area
16 river mles upstreamof the project. This required 34 truck
trips. All of the racks as well as the conveyor were assenbl ed
here. The hydraulic drives were also mounted at this tine as well
as the lifting chains. Approximtely 25,000 feet (5 mles) of
chains were used on this system One section was operated prior
to site delivery. This section successfully lifted two test |ogs
of the specified dianeter.

Erection

All of the material was noved fromthe assenbly area to the
erection area via barge. Six barges were required to nove this
material. Erection was facilitated via a barge-nounted crane.

Di vers set nounts on the inlet forebays and then guided the

i ndi vidual trashrack sections to the nounts. After this operation
was conpl eted, the horizontal conveying rack sections were

pl aced. A concrete trash storage bin and the electrical wiring
and controls were installed concurrent with those operations.

Acceptance Test

An operational test was required prior to acceptance. The
trashrack systemhad to lift the design log fromthe river and
convey it to the storage bin. The system substantially net the
requi red RFP acceptance criteria in February 1992.



SUMVARY/ LESSONS LEARNED

After installation, the Self-C eaning Trash Racks perfornmed with
m xed success. The specifications required the trash racks to
remove a broad range of debris with vastly different sizes. This
caused operational difficulties in some small debris passing

t hrough the trash screens and binding the lifting chains.

Modi fying the chain guards alleviated this binding. The conveyor
system al so had jamm ng problens due to the sharp el evation
angle. Conveying the debris riverward instead of |andward
removed the sharp angle. D sposal of stockpiled debris becane
maj or expense. Due to excessive mai ntenance costs, the system
was renoved in January 1996

HUNTSVILLE SPRING BRANCH
BACKGROUND

Huntsville Spring Branch watershed drains about 86 square mles
of municipal Huntsville, Al abama and the surroundi ng Madi son
County. The drai nage deposits debris into Redstone Arsenal,
VWeeler WIldlife Refuge, and ultimtely Wheel er Reservoir.

The deposits detract fromthe natural aesthetics, adversely
affect river hydraulics, increasing flooding, and destroy

wi ldlife. The Energy and Water Devel opnent Appropriations Act of
1995 (Public Law 103-316) provides the |egal authority for this
proj ect .

PROBLEM | DENTI FI CATI ON

This problemwas first docunented in 1971 at a neeting between
Redst one Arsenal personnel and Gty of Huntsville enployees. In
Septenber 1994, a General Investigation study of the Huntsville
area identified a potential federal interest in the environnental
restoration of Huntsville Spring Branch. In assessing typical
site conditions for potential renediation, a typical 20-foot by
20-f oot section was selected for debris conposition analysis

w thin Redstone Arsenal. The conposition of the debris is shown
in Table 1.

Type of Debris Percentage by Number
Pl asti ¢ Contai ners 12. 8%
St yr of oam Cups 18. 4%
Styrof oam Pi eces 5" x7"x2.5” 6. 4%
Hard Pl astic Itens 6. 4%
d ass Contai ners 20. 0%
Al um num Cans 34. 4%
Tires 1.6%




TABLE 1 - DEBRI S COUNT



This debris count excludes the woody matter which is assunmed to
conprise of 90% of the total vol une.

DESI GN CRI TERI A

The systemis required to renove 90% of debris in a cost
effective, environnentally acceptable manner. This will achieve
fl ood control and hazard reduction on Huntsville Spring Branch as
well as wldlife habitat restoration and quality of life
protection on Redstone Arsenal. In Novenber 1997, The City of
Huntsvill e considered five renoval options and sel ected a passive
screen across the channel that will direct debris to a self-

cl eaning trashrake. Debris will be deposited on the stream bank
for renoval by city maintenance personnel.
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FI GURE 3 - SELECTED HUNTSVI LLE DEBRI S COLLECTI ON OPTI ON






SPECI FI CATI ONS

A floating boomw ||l be constructed in the streamto coll ect
debris. The buoyant boomw || be connected to vertical pipe
supports with low friction attachnments to allow capture of debris
at various flood events. The boomis sufficiently angled to the
current allowing the flowng water of the streamto force the
captured debris to the self-cleaning debris rake.

ClEYDRAKE -
EYROk — - | I

FI GURE 4 - ELEVATI ON OF TRASHRAKE

The rake renoves the debris fromthe water and deposits it into a
sluiceway | eading to a debris collection area. Maintenance
personnel sort the renoved material for disposition. A weir is
designed for the other side of the streamto allow overflow in
case of damm ng of the boom and trash rake.

CONSTRUCTI ON



Construction is tentatively schedul ed for FY 1999, contingent on
proj ect approval.



SUMVARY/ LESSONS LEARNED

Based on the Corps’ experience at the Cheatham Project, the
trashrake is considered appropriate for the anticipated debris at
this site. Additionally, a flume to transport the raked debris
to a staging area will reduce binding that was exhibited at

Cheat ham

LAKE CUMBERLAND
BACKGROUND

The Cunberl and River watershed drains about 1,653 square m |l es of
rural eastern Kentucky including Witley, Knox, Bell, and Harl an
Counties. This drainage accounts for approximtely 25% of the
total Lake Cunberl and watershed. The deposits detract fromthe
nat ural aesthetics, adversely affect river hydraulics, increasing
fl oodi ng, and destroy wildlife nmuch Iike Huntsville Spring
Branch. Floating debris endangers navigation of Lake Cunberl and
by commercial and recreational boat traffic. The Energy and Water
Appropriations Act of 1998 (House Resol ution 2203) provides
authority and funding for this project.

PROBLEM | DENTI FI CATI ON

The upper Cunberland River has |ong been a rustic w | derness area
fraught with pollution. Rural Appalachia historically disposed
its waste in areas comon to living habitat. The river would

t ake farm devel oped waste downstream away fromliving areas.
Nat ural attenuation would reduce this degradable waste to an
unnoti ceable volunme. As these rural communities grew and

devel oped, | arger nunbers of inhabitants disposed of not only
degradabl e waste but al so nondegradabl e waste such as gl ass,

pl astics, and netals. This, added to woody debris from eroding
shorelines during flood events, results in environnentally
damagi ng pol l uti on and endangers river and | ake navi gati on.

In June of 1997, a team of Corps professionals and speci al

consul tants spent several days evaluating the probl em and
researching potential debris renoval |ocations on Lake Cunberl and
and the upper Cunberland River. Consistent with the previous

par agr aph, the team found debris bl ockades on bridge piers,

i naccessi bl e boat | andi ngs due to trash buil dups, and il egal
dunps. As the goal of trash interception is to capture trash
before it enters Lake Cunberl and, and noting that the Cunberl and
Ri ver winds through a gorge and is a protected WIld and Scenic

Ri ver imredi ately upstream of the |ake, the best site was deened
downstream of the H ghway 204 bridge. Ample land is available as
wel | as favorable river hydraulics.






DESI GN CRI TERI A

The systemis designed to renove debris in a cost effective,
environmental | y acceptable manner. This will achieve flood
control and waste reduction on the Cunberland R ver as well as
floati ng hazard reduction on Lake Cunberland. Conceptual |ayouts
of the systemand prelimnary conputations assured that the
“trash gate” would be effective at this |ocation
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FIGURE 5 - LAKE CUVBERLAND DEBRI S MANAGEMENT CONCEPTUAL DESI GN



SPECI FI CATI ONS

The system consists of a fixed glance rack extending
approximately 100 feet into the Cunberland River at a thirty
degree angle to the flow

FIGURE 6 - CONCEPTUAL RENDERI NG OF PROPOSED COLLECTI ON SYSTEM

The rack extends an additional 130 feet up the bank to collect to
about the 10-year flood event. Above that flood event, the flood
plain is quite expansive and debris tends to spread out. After
flood events, a rempval device, such as a trackhoe, will renove
the collected debris and deposit it into a staging area. The
debris will then be sorted and dispositioned. Some of the woody
debris will be either mulched for volume reduction or cut into
firewood. Garbage and recycling bins will be provided for the
cultural waste. A managenent plan for potential hazardous waste
i s being devel oped. An optional floating glance boom coul d
enhance the capture effectiveness, dependent on nodel results.

CONSTRUCT! ON

Construction is tentatively scheduled to start sumer 1998,
contingent on real estate acquisition.



SUMVARY/ LESSONS LEARNED

Based on the Corps
rack is considered
site. The staging
di sposition of the

POINT OF CONTACT

experience at the Cheatham Project, the gl ance
appropriate for the anticipated debris at this
area wll allow efficient cleaning and
col | ected debris.
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